Abstract Thalassemia is the most common inherited blood disorder in India. In b-thalassemia, there is defective formation of b-globin chains which leads to severe anemia requiring repeated blood transfusions. With the help of antenatal screening for b-thalassemia followed by prenatal diagnosis, ''couples at-risk'' can avoid having affected children without remaining childless and can spare themselves from months of anxiety awaiting the outcome of pregnancy [1, 2] . The present study was conducted from 2008 through 2010. One thousand antenatal women with gestational age less than 20 weeks were studied. NES-TROFT, CBC, and HPLC analysis of blood samples were done in all the patients. Husbands of women detected to be carriers of b-thalassemia were also screened to identify the ''high-risk couples''. Counseling and prenatal diagnosis was offered to the couple, where both husband and wife were positive for thalassemia trait. Of 1000 women studied during antenatal period, 79 (7.9 %) were detected to have thalassemia trait. Husbands of these women were counseled and advised HPLC test. Only two husbands were diagnosed to have b-thalassemia trait. Of these two ''at-risk couples'', genetic testing in one woman showed the fetus to be a carrier, and this pregnancy was continued. In the other lady, the fetus was diagnosed to have thalassemia major and she chose to terminate the pregnancy. The sensitivity and specificity of NESTROFT was found to be 78.48 % and 94.14 %, respectively. These were much better than those of RBC count ([5 million/mL 3 ), MCV (\80 fL) or MCH (\27 pg). The positive predictive value and negative predictive value of NESTROFT was found to be 53.45 % and 98.08 %, respectively. These were also more than those of RBC count ([5 million/mL 3 , MCV (\80 fL), or MCH (\27 pg). HPLC analysis of the blood is the gold standard for diagnosis of thalassemia trait, but due to its high cost, sophisticated and expensive equipment, it cannot be used in large screening programs. Screening by hematological parameters requires automated analyzer which again may not be possible in small setups catering to a large number of pregnant women. NESTROFT proved to be sensitive, cost effective, rapid, and can be used for field studies and mass-screening programs.
and she chose to terminate the pregnancy. The sensitivity and specificity of NESTROFT was found to be 78.48 % and 94.14 %, respectively. These were much better than those of RBC count ([5 million/mL 3 ), MCV (\80 fL) or MCH (\27 pg). The positive predictive value and negative predictive value of NESTROFT was found to be 53.45 % and 98.08 %, respectively. These were also more than those of RBC count ([5 million/mL 3 , MCV (\80 fL), or MCH (\27 pg). HPLC analysis of the blood is the gold standard for diagnosis of thalassemia trait, but due to its high cost, sophisticated and expensive equipment, it cannot be used in large screening programs. Screening by hematological parameters requires automated analyzer which again may not be possible in small setups catering to a large number of pregnant women. NESTROFT proved to be sensitive, cost effective, rapid, and can be used for field studies and mass-screening programs. In some areas, the frequency of carriers of bthalassemia is even higher (8 %-10 %). Every year, about 8000 babies with thalassemia major are born in India. Of these, 200 are added every year from Delhi alone. Since thalassemia carriers are clinically normal and healthy, they are ignorant of their carrier status. They only learn of it, if their blood is tested, or they have a child affected with thalassemia major, in which event, the spouse is also a carrier.
Patients of thalassemia major require repeated blood transfusions throughout their life for survival. These children also need injections/drugs in order to remove excess iron from the body. The cost of therapy is about Rs 150,000-200,000 per child per year. Risk of transfusion-transmitted diseases, loss of time, energy, and expenditure, coupled with apprehension of shortened life span causes a lot of emotional as well as financial stress to the whole family. The only definite treatment available for cure of thalassemia major is bone marrow transplant which is available at selected places only, and costs about Rs 800,000-1000,000 which is unaffordable by most of the affected families. It is also limited by the availability of HLA-matched bone marrow donors.
If both the parents have thalassemia trait, as per Mendelian law of inheritance, there is 25 % probability of having a child with thalassemia major, 25 % chance of having a normal child, and 50 % chance of a child with thalassemia trait. The development of methods to diagnose thalassemic major in utero, allows the obstetrician to give definite answers rather than giving statistical probabilities. With the help of thalassemia screening during the antenatal period followed by prenatal diagnosis, ''couples at-risk'' can avoid having affected children without remaining childless and are spared from months of anxiety awaiting the outcome of pregnancy [1, 2] .
Cyprus, Sardinia, Italy and Greece have been able to control thalassemia with their extensive screening programme at various levels along with antenatal diagnosis. Some of the countries have made premarital screening for thalassemia mandatory.
If screening is initiated in the premarital age group, before conception and in early pregnancy, there is no reason why we cannot wipe off the trauma of thalassemia major from India. This severe disorder can be prevented by education, generating public awareness, screening, premarriage counseling, and prenatal diagnosis. Screening for thalassemia carrier status can be done with NESTROFT, red cell indices, and HPLC analysis. Since HPLC analysis is expensive and the equipment is not widely available, it is not suitable for mass-screening programs in resource-poor countries. The present study was done to evaluate the sensitivity and specificity of NESTROFT and red cell indices in thalassemia-trait screening in antenatal women and their feasibility for use in mass-screening programs.
Materials and Methods
The study was conducted in the Department of Obstetrics & Gynecology of Hindu Rao Hospital, New Delhi, over the period of 2 years from year 2008 to 2010, after obtaining ethical clearance from the institutional review committee. One thousand antenatal patients with gestational age less than 20 weeks were studied. Informed consent was obtained prior to the enrollment of the subjects. Detailed history was taken and careful physical examination was done at the first antenatal visit. NESTROFT, CBC, and HPLC were analyzed in all the patients. Husbands of women who were confirmed to be carriers on HPLC analysis were screened, to identify the ''high-risk couples''. Prenatal genetic testing and counseling were advised to the couple, where both husband and wife were thalassemiatrait positive. Such patients were referred to other centers for prenatal diagnosis by CVS or cordocentesis, whichever was applicable.
Results
Maximum number of patients were from Delhi (35.4 %), followed by UP (24 %), Haryana (12.2 %), Punjab (11.2 %), and Bihar (10.4 %). Thalassemia trait was detected in 2.9 % of women from Delhi, in 1.7 % women from UP, in 1 % of women from Bihar, 1.4 % women from Haryana, 0.6 % from Punjab, and 0.03 % in those from other states.
Maximum women (53.1 %) were screened at the gestational age of 8-12 weeks, 36.8 % at 12-16 weeks, 5.9 % at 16-20 weeks of gestation, and 4.2 % were screened at gestational age of less than 8 weeks.
The sensitivity, specificity, positive predictive value and negative predictive value of NESTROFT, RBC indices taken together (MCV \ 80 fL, MCH \ 27 pg, and RBC count [5 million/L) and individual parameters like MCV, MCH, and RBC count is shown in Table 1 . NESTROFT was found to have maximum sensitivity and RBC count was found to have maximum specificity, closely followed by NESTROFT. Positive predictive value and negative predictive value was again highest for NESTROFT.
It was observed ( Table 2 ) that mean Hb for (79) cases of b-thalassemia trait (BTT) was 11 ± 1.80 g/dL and differed significantly from non-BTT cases (11.5 ± 1.68 g/dL, p \ 0.05).
The mean RBC count (Table 3) for BTT (4.60 ± 0.72 million/L) differed significantly from that in the non-BTT cases (4.04 ± 0.57 million/L, p \ 0.05).
The mean MCV (Table 4) for women with BTT (75.96 ± 11.39 fL) differed significantly from women without BTT (88.61 ± 8.21, p \ 0.05).
The mean MCH (Table 5) for women with BTT (24.83 ± 5.07 pg) differed significantly from that in women without BTT cases (28.77 ± 3.39 pg, p \ 0.05). Table 6 shows that hemoglobin, MCV, MCH, MCHC and PCV in the BTT cases had lower values than in non-BTT cases, but higher values of RBC count.
The mode of delivery was vaginal in 90.32 % of BTT cases and 88.74 % of non-BTT cases, whereas, LSCS was done in 9.68 % of BTT cases and 11.26 % of non-BTT cases. There was no statistically significant difference in the modes of delivery between BTT and non-BTT cases (p [ 0.05).
Birth weight in babies of mothers with BTT did not differ significantly from that in babies of non-BTT mothers. There was also no difference in the number of preterm deliveries in the two groups (p [ 0.05).
The husbands of 79 women who were diagnosed as thalassemia-trait carriers with HbA2 [ 3.5 % were also analyzed by HPLC. Only two were diagnosed to have thalassemia trait. CVS was done in these two women. In one of them, the fetus was diagnosed to have thalassemia trait, and the mother continued the pregnancy and the baby delivered at term. In the other case, the fetus was diagnosed to have thalassemia major and the couple opted for medical termination of pregnancy. Overall, we could prevent the birth of one baby with thalassemia major.
Discussion
In India, 3.3 % of population [3] is carrier of thalassemia and 6000-8000 children are born every year with thalassemia major [4] . The prevalence of thalassemia trait varies from less than 2 % to over 7 % in Delhi in different ethnic groups. In the present study, b-thalassemia trait was detected in 7.9 % of the cases. The state wise prevalence of BTT was 2.9 % in cases originally belonging to Delhi, 1.7 % in cases from UP, 1 % in cases from Bihar, whereas 0.6 and 1.4 % in cases from Punjab and Haryana, respectively. The carrier rate of BTT varies from 1 % to 17 % in India with an average of 3 %-4 % [5] . In a study by Bhukhanvala et al. [6] , in Gujarat, the prevalence of BTT was 3.38 %. In Madhya Pradesh, Baxi et al. [7] reported the rate of BTT as 2.7 % among 1006 pregnant women.
In the present study, the sensitivity and specificity of NESTROFT was found to be 78.48 % and 94.14 %, respectively. The positive and negative predictive value of NESTROFT was noted to be 53.45 % and 98.08 %, respectively. This was better than the red cell indices taken alone (see Tables 1, 2 , 3, 4, 5, 6). Mehta and Gandhi [8] , in a study of antenatal women, reported the negative predictive value of NESTROFT as 100 % and of MCV as 98.2 %. The predictive value of a positive test in yielding the diagnosis of BTT was higher with NESTROFT (59.1 %) than with MCV (28.1 %). In this study of screening for BTT in antenatal women, NESTROFT was more efficient (89.5 %) than MCV (49.5 %).
Manglani et al. [9] screened 2525 subjects in the general population and reported that NESTROFT provided a Mean Hb 11 g/dL 11.5 g/dL sensitivity of 94.4 % as a single parameter. The sensitivity of MCV (\80 fL) was 93.7 %. When combined with MCV (\80 fL), NESTROFT provided 100 % sensitivity. However, the combination requires and additional red cell indices study. Gomber et al. [10] , analyzed pediatric patients at a tertiary care hospital, and observed that NESTROFT had a higher sensitivity and specificity than direct red cell indices for screening of thalassemia. In this study of 253 subjects, NESTROFT had a sensitivity and specificity of 85.71 % and 81.7 %, respectively while sensitivity and specificity for MCV (\70 fL) was 57.1 % and 81 %, respectively. The sensitivity and specificity of RBC count (\4.5 million) was 71.4 % and 55.5 %, respectively. The study concluded that NESTROFT is an inexpensive and easily reproducible test for population screening of b-thalassemia trait.
Fleming [11] studied fetal outcome in thalassemia minor, and reported that none of the thalassemia-minor patients had low birth weight babies or had complications with delivery. Similar results were observed in the present study. Alger et al. [12] observed no difference in maternal age, parity, gravidity, and the number of previous abortions, still births, and neonatal deaths between women who were carriers of a-thalassemia or b-thalassemia as compared to those of the control population. There was no difference in mode of delivery, placental weight, fetal and placental ratio, or gestational age between a-thalassemia and b-thalassemia, and between thalassemic and control population. The results in the present study were similar to their study.
Pakes et al. [13] also observed no difference in the complications during pregnancy in cases with thalassemia minor as compared to control women. They found no evidence of increased fetal distress and perinatal death. The present study also showed similar results.
Since India is a country with cost constraints, it will not be economical to do HPLC analysis for mass screening of b-thalassemia trait. It is thus recommended that either NESTROFT or red cell indices, or combination of the two tests be used for mass-screening program. However, MCV determination by manual RBC count is often unreliable thus necessitating an automated particle counter. Though combination of these two tests would be ideal, it would require automated cell counters and technical staff in peripheral areas. 
Conclusion
Though HPLC analysis is the gold standard for diagnosis of b-thalassemia trait, it is not feasible for mass screening in developing countries. NESTROFT, in combination with other hematological parameters, detected majority of BTT cases, and hence combination of the two tests is ideal for mass-screening programme. However, MCV determination by manual RBC count is often unreliable thus necessitating an automated particle counter. NESTROFT is a reliable screening test for detection of b-thalassemia trait in the Indian population because it is sensitive, cost effective, rapid and can be used for field studies as it does not require sophisticated equipment or technical expertise, and can be done from capillary blood obtained from finger prick.
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